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Introduction à l’IDM
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From the object as the From the object as the onlyonly one conceptone concept
As e.g. in SmalltalkAs e.g. in Smalltalk

To a multitude of conceptsTo a multitude of concepts

Once upon a timeOnce upon a time…… 
software development looked simplesoftware development looked simple

Design patternsDesign patterns

Collaborations

Required port               Provided Port

<<Component>>
Decoder

DecoderIReceiverI

DaDataI

ComponentsComponentsCOM+
DCOM

CORBA
IIOP

Microsoft
C# & .Net

XML
SOAP

Sun’s 
Java &

EJB

HTTP
HTML

+

 

until the next ultimate middleware 
platform (~2005)

Proprietary
Middleware
(eg. automotive)

It's difficult It's difficult ---- in fact, next to impossible in fact, next to impossible –– for a large enterprise for a large enterprise 
to standardize on a single middleware platform.to standardize on a single middleware platform. (R. (R. SoleySoley))

MiddlewareMiddleware (middle war)

AspectsAspects
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Why modeling: master complexityWhy modeling: master complexity

Modeling, in the broadest sense, is the Modeling, in the broadest sense, is the costcost--effective use effective use 
of something in place of something else for some of something in place of something else for some 
cognitive purposecognitive purpose. It allows us to use something that is . It allows us to use something that is 
simplersimpler, , safersafer or or cheapercheaper than reality instead of reality for than reality instead of reality for 
some purpose. some purpose. 

A model represents reality for the given purpose; the A model represents reality for the given purpose; the 
model is an abstraction of reality in the sense that it model is an abstraction of reality in the sense that it 
cannot represent all aspects of reality. This allows us to cannot represent all aspects of reality. This allows us to 
deal with the world in a simplified manner, avoiding the deal with the world in a simplified manner, avoiding the 
complexity, danger and irreversibility of reality.complexity, danger and irreversibility of reality.

Jeff RothenbergJeff Rothenberg..
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Modeling in Science & EngineeringModeling in Science & Engineering

A Model is a A Model is a simplifiedsimplified representation of an representation of an 
aspectaspect of the World for a specific of the World for a specific purposepurpose

M0
(the world)

M1
(modeling
space) Is represented by

Specificity of Engineering:
Model something not yet
existing (in order to build it)

Specificity of Engineering:
Model something not yet
existing (in order to build it)

+Applicant()
+ApplicantInfo()
+MakeApplication()

-companyName : CString
-experience : CString
-reference1 : CString
-reference2 : CString
-reference3 : CString

Applicant

+Person()
+PersonInfo()

-personID : unsigned long
-surname : CString
-givenName : CString
-middleInitial : char
-streetAddress : CString
-postCode : CString
-countryname : CString
-eMailAddress : CString

Person

-is taught by

1

-teaches

0..*
+CourseSession()
+CourseSessionInfo()

-courseSessionID : unsigned long
-courseDate : unsigned long
-courseID : unsigned long
-courseLocation : CString

CourseSession

+AppStatus()
+AppStatusInfo()

-statusCode : char
-statusName : CString

AppStatus

+CourseRegistration()
+CourseRegistrationInfo()

-registrationDate : unsigned long
-completionFlag : bool
-confirmedDate : unsigned long

CourseRegistration

+Test()
+TestInfo()

-testScore : unsigned long
Test

+Application()
+ApplicationInfo()

-productNr : unsigned long
-certificationLevel : unsigned long
-applicationDate : unsigned long

Application

+PermittedStatusChange()
+StatusChangeInfo()

-fromStatus : char
-toStatus : char

PermittedStatusChange

+ExamSession()
+ExamSessionInfo()

-examSession : unsigned long
-examlocation : CString
-examDate : unsigned long

ExamSession

-gives0..*

-is achieved1

-is made by

1

-makes

0..*

-allows change in

0..*

-has a

1..*

-is taken by1

-takes0..*

-is made by a1

-made a1..*

-is in1

-is filled by0..*

-uses

1

-is used in

0..*

-applies to a0..*

-is for a1

+Exam()
+ExamInfo()

-examID : unsigned long
-certificationLevel : unsigned long

Exam

+Employee()
+GetCurrentAge()
+EmployeeInfo()

-jobType : CString
-roomNr : unsigned long
-department : CString
-division : CString
-jobTitle : CString
-manager : unsigned long
-headsDept : CString
-headsDivision : CString
-mobileNr : CString
-birthDate : unsigned long

Employee

+registrationform()

RegistrationForm

-uses*
*

ApplicantApplicantList PersonList

findApplicant()

ApplicationRegForm

Applicant()

findPerson()

addPerson()

addApplication()

Application()

MakeApplication()

ApplicationList
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Model and Reality in SoftwareModel and Reality in Software

Sun Sun TseTse: : Do not take the map for the realityDo not take the map for the reality
MagritteMagritte

Software Models: from contemplative to Software Models: from contemplative to 

productiveproductive
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Modeling Modeling andand WeavingWeaving

Design
Model

Use Case
Model

Security
Model

QoS
Model Business

Model

Object
Model

Test
Model

UI
Model

Platform
Model

Code
Model

tester

Challenges:
-Product Families
-Reuse of 
Weaving Process

-Automatic Weaving

Challenges:
-Product Families
-Reuse of 
Weaving Process

-Automatic Weaving
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ConstraintNamespace

Package

GeneralizableElement

0..*

0..*
+supertype

{ordered}0..*

+subtype

0..*
Generalizes

Classifier

Class AssociationDataType

Feature

BehavioralFeature Struc turalFeature

Operation

AssociationEnd

Reference

0..*

1

+referent0..*

+referencedEnd
1

RefersTo

MofAttribute

ModelElement

0..*0..1

+containedElement

{ordered}

0..*
+container

0..1

Contains

0..*

1..*

0..*

+constrainedElement

1..*
Constrains

Assigning Meaning to ModelsAssigning Meaning to Models
If a model If a model is no longer  is no longer  just just 

fancy pictures to decorate your roomfancy pictures to decorate your room
a graphical syntax for C++/Java/C#/Eiffel...a graphical syntax for C++/Java/C#/Eiffel...

Then tools must be able to manipulate Then tools must be able to manipulate 
modelsmodels

LetLet’’s make a model s make a model 
of what a model is!of what a model is!

=> => metameta--modelingmodeling
& meta& meta--metameta--modeling..modeling..
Use MetaUse Meta--ObjectObject 
Facility (MOF) to avoidFacility (MOF) to avoid 
infinite Metainfinite Meta--recursionrecursion
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The 4 layers in practiceThe 4 layers in practice

©© OMGOMG



10Ingénierie Des Modèles: MOPCOM-I

Comparing Abstract Syntax SystemsComparing Abstract Syntax Systems

Pascal Language
Grammar

A specific
Pascal Program

A specific
execution

of a Pascal 
program

EBNF MOF

The UML
meta-Model

A Specific
phenomenon

corresponding to
a UML Model

A Specific
UML Model

Technology #2
(MOF + OCL)

M3

M2

M1

Technology #1
(formal grammars

attribute grammars,
etc.)

A XML
document

A XML DTD
Or Schema

A XML
document

A XML DTD
or Schema

Technology #3
(XML Meta-Language)

KIF
Theories

Upper Level
Ontologies

Technology #4
(Ontology engineering)

[XMI=MOF+XML+OCL]

+Description
Logics

+Conceptual
Graphs
+etc.

+ Xlink, Xpath, XSLT
+ RDF, OIL, DAML
+ etc.

(From J. Bézivin)
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MDA: the OMG visionMDA: the OMG vision

"OMG is in the ideal position to "OMG is in the ideal position to provide the modelprovide the model-- 
based standardsbased standards that are necessary to that are necessary to extend extend 
integration beyond the middleware approachintegration beyond the middleware approach…… Now is Now is 
the time to put this plan into effect. the time to put this plan into effect. Now is the time Now is the time 
for the Model Driven Architecturfor the Model Driven Architecturee."."

Richard Richard SoleySoley & OMG staff, & OMG staff, 
MDA Whitepaper Draft 3.2MDA Whitepaper Draft 3.2

November 27, 2000November 27, 2000
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Mappings to multiple and evolving Mappings to multiple and evolving 
platformsplatforms

COM+
DCOM

CORBA C#
.Net XML

SOAP

Java
EJB HTTP

HTML

MOF & UML as the 
core
Organization assets 
expressed as 
models
Model 
transformations to 
map to technology 
specific platforms

Platform neutral models based
on UML & MOF
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MetaMeta--Models as Shared KnowledgeModels as Shared Knowledge

Definition of an Abstract Syntax in EDefinition of an Abstract Syntax in E--MOFMOF
Repository of models with EMFRepository of models with EMF
Reflexive Editor in EclipseReflexive Editor in Eclipse
JMI for accessing models from JavaJMI for accessing models from Java
XML serialization for model exchangesXML serialization for model exchanges

But no integrated way toBut no integrated way to
Check constraints, Well Check constraints, Well FormednessFormedness Rules, Static Rules, Static 
SemanticsSemantics
Provide dynamic semantics and direct interpretationProvide dynamic semantics and direct interpretation
Model transformation, weaving and code generationModel transformation, weaving and code generation
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Example with Example with 
StateMachinesStateMachines

S 1 S 3S 2

a /b x/y

b /a

y/x

 run()
 reset()

FSM

name: EString

 step()

State input: EString
output: EString

 fire()

Transition

initialState

1

owningFSM 1 ownedState*
currentState

0..1

source

1

outgoingTransition

*
target

1

incomingTransition

0..1

Model

Meta-Model
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KermetaKermeta RationaleRationale

Model, metaModel, meta--model, metamodel, meta--metamodel, metamodel, 
DSLsDSLs……

MetaMeta--blabla--blabla too complex for the normal engineertoo complex for the normal engineer

On the other hand, engineers are familiars On the other hand, engineers are familiars 
withwith

OO programming languages (OO programming languages (Java,C#,CJava,C#,C++,..)++,..)
UML (at least class diagram)UML (at least class diagram)
May have heard of May have heard of DesignDesign--byby--ContractContract

KermetaKermeta leverages this familiarity to make leverages this familiarity to make 
MetaMeta--modeling easy for the masses modeling easy for the masses 
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Breathing life into MetaBreathing life into Meta--ModelsModels

// // MyKermetaProgram.kmtMyKermetaProgram.kmt
// An E// An E--MOF metamodel is an OO program that does nothingMOF metamodel is an OO program that does nothing

require "require "StateMachine.ecoreStateMachine.ecore"" // to import it in // to import it in KermetaKermeta
// // KermetaKermeta lets you weave inlets you weave in aspectsaspects

// // Contracts (OCL WFR)Contracts (OCL WFR)
require require ““StaticSemantics.oclStaticSemantics.ocl””
// Method bodies (Dynamic semantics)// Method bodies (Dynamic semantics)
require require ““DynamicSemantics.kmtDynamicSemantics.kmt””
// // TransformationsTransformations

 run()
 reset()

FSM

name: EString

 step()

State input: EString
output: EString

 fire()

Transition

initialState

1

owningFSM 1 ownedState*
currentState

0..1

source

1

outgoingTransition

*
target

1

incomingTransition

0..1

Context FSM 
inv: ownedState->forAll(s1,s2|
s1.name=s2.name implies s1=s2)

aspect class FSM {
operation reset() : Void {

currentState := initialState
}}

class Minimizer {
operation minimize (source: FSM):FSM {…}

}
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Model Driven Model Driven 
Engineering : SummaryEngineering : Summary

Modeling to master complexityModeling to master complexity
MultiMulti--dimensional and aspect oriented by definitiondimensional and aspect oriented by definition

Models: from contemplative to productiveModels: from contemplative to productive
Integrated MetaIntegrated Meta--modeling tools such as modeling tools such as KermetaKermeta

Model Driven EngineeringModel Driven Engineering
Weaving aspects into a design modelWeaving aspects into a design model

E.g. Platform SpecificitiesE.g. Platform Specificities

Model Driven Architecture (PIM / PSM): just a special Model Driven Architecture (PIM / PSM): just a special 
case of Aspect Oriented Designcase of Aspect Oriented Design

Related: Generative Related: Generative ProgProg, Software Factories, Software Factories
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ConclusionConclusion

KermetaKermeta isis an openan open--source initiativesource initiative
Started January 2005Started January 2005
More than 10 active developersMore than 10 active developers

FeelFeel free to usefree to use
Start Start withwith a a metameta--model in EMFmodel in EMF

GetGet XML an XML an reflectivereflective editor for freeeditor for free
WeaveWeave in in staticstatic semanticssemantics in OCLin OCL
WeaveWeave in an in an interpreterinterpreter, , 

connectconnect to a simulation to a simulation platformplatform
WeaveWeave in one or more in one or more compilerscompilers
FinalyFinaly care for care for concreteconcrete syntaxsyntax issuesissues

FeelFeel free to free to contributecontribute!!
www.kermeta.orgwww.kermeta.org
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